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Objective: To determine the prevalence of penicillin resistance and molecular characteristics of pneumococcal 
isolates at the University of Malaya Medical Center. 
Methods: From March 1999 to July 2000,100 clinical isolates of Streptococcus pneumoniae were obtained from 93 
patients of various ages and from various body sites. The minimum inhibitory concentrations (MICs) for penicillin 
and ceftriaxone were determined by E test, and results were interpreted according to guidelines recommended by 
the National Committee for Clinical Laboratory Standards (NCCLS). Fifty isolates were further serotyped, and 
analyzed by pulsed-field gel electrophoresis (PFGE) and polymerase chain reaction/restriction fragment length 
polymorphism (PCR-RFLP) of the penicillin-binding protein (pbp) 2b and 2x genes. 
Results: The majority of the isolates were from respiratory sites. Thirty-one isolates showed decreased susceptibility 
to penicillin (PRSP), and many of these also showed decreased susceptibility to ceftriaxone. Twelve serogroup/types 
(SGTs) were present, with 19F being the most common. PFGE analysis identified two dominant profiles, consisting 
mainly of PRSPs that had common serotypes (19F) and pbp gene patterns within their respective groups, although 
PCR-RFLP analysis showed different patterns of pbp genes among the PRSPs as compared to penicillin-susceptible 
strains, which had a uniform pattern. 
Conclusion: PRSPs were genetically related as shown by PFGE and serotype. The consistency of pbp gene patterns, 
observed among many of the PRSPs within their respective PFGE profiles, supported their relatedness as established 
by PFGE. 
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INTRODUCTION 
In the past, most clinical isolates of Streptococcus 
pneumoniae were highly susceptible to penicillin and a 
variety of other antimicrobial agents. Penicillin itself has 
remained the drug of choice for most pneumococcal 
infections for more than 50 years. Presently, bacterial 
infections caused by S. pneumoniae strains with 
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decreased susceptibility to penicillin are being increas- 
ingly reported worldwide. This is compounded by the 
tendency of such isolates to be multiresistant. Pneumo- 
coccal resistance has been reported for p-lactam 
antibiotics, including the third-generation cephalosporins, 
as well as other non-p-lactam drugs, such as macrolides, 
chloramphenicol, clindamycin, tetracyclines, and 
trimethroprim-sulfamethoxazole.1-4 Multiresistance 
limits treatment options, prolongs hospitalization, and 
increases the cost of antibiotic therapy. Hence, studies 
have been carried out throughout the world to 
determine the prevalence rate of the pneumococcal 
isolates with decreased susceptibility to penicillin, their 
serotypes, and their patterns of susceptibility to other 
commonly used antibiotics. Molecular investigations of 
the isolates have also been carried out to determine the 
molecular epidemiology of antimicrobial resistance. 
One of the useful and widely used techniques is pulsed- 
field gel electrophoresis (PFGE). This technique, which 
involves digesting all of the genomic DNA with a rare 
cutting restriction enzyme (e.g. SmaI), is useful in 
evaluating the overall genetic relatedness of chromo- 
somal DNA, and has been shown to be highly 
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discriminatory and reproducible.5-7 Another commonly 
used technique is restriction fragment length poly- 
morphism (RFLP) of the penicillin-binding protein 
(pbp) genes. RFLP analysis involves the PCR amplific- 
ation of the pbp genes (e.g. pbp 2x or pbp 2b) with 
specific primers for each of the pbp genes, followed by 
the digestion of the genes with a restriction enzyme (e.g. 
Hi@). This method has been shown to be useful in 
investigating the genetic relatedness of resistant 
strains&l0 Application of these techniques alone or in 
combination has provided information on the molecular 
characteristics that will provide a better understanding 
of the spread of antibiotic resistance. 
In Malaysia, the increasing incidence of pneumo- 
coccal isolates with decreased susceptibility to penicillin 
is also of concern. In this report, we describe the 
prevalence of penicillin resistance, serotype distribution 
and the molecular characteristics of pneumococcal 
isolates at the University of Malaya Medical Center 
(UMMC), a tertiary-care center in Malaysia serving the 
metropolitan city of Kuala Lumpur and its surrounding 
area. Given the fact that a high diversity of the pbp 2b 
and pbp 2x genes has been observed among pneumo- 
cocci with decreased susceptibility to penicillin,ll-l4 
RFLP analysis of the two pbp genes was also carried out 
and the results correlated with those obtained by PFGE. 
MATERIALS AND METHODS 
Pneumococcal strains 
One hundred clinical isolates of S. pneumoniae were 
obtained from various body sites of 93 patients of 
various ages at the UMMC, from March 1999 to July 
2000. Seven pairs of isolates were obtained from seven 
individuals but from different body sites. All isolates 
were confirmed as S. pneumoniae by standard bacterio- 
logic methods and susceptibility to optochin and bile 
solubility. Susceptibility to penicillin was pretested using 
l-mg oxacillin disks and confirmed by minimum 
inhibitory concentration (MIC) determination by the E- 
test method described below. Strains were then stored at 
-70°C prior to further analyses. Unfortunately, only 50 
strains survived the long-term storage, and serotyping 
and molecular studies were carried out only on these 
strains. 
Serotyping 
Isolates were serotyped with the Pneumotest kit 
(Statens Seruminstitut, Copenhagen, Denmark) by 
direct suspension of the antisera with pure colonies of 
pneumococci emulsified in phosphate-buffered saline 
(PBS) (pH 7.3) on glass slides. The test was carried out 
with 12-pooled antisera (A-F, H, and P-T) until a 
positive reaction was observed.15 The serogroupltypes 
(SGTs) were then established based on the reaction 
pattern using the table provided. Further typing of 
serogroups into serotypes was then performed with 
specific factor sera. 
Antibiotic susceptibility pattern 
MICs of penicillin and ceftriaxone were determined by 
the E test (AB Biodisk, Solna, Sweden), using 
Mueller-Hinton agar supplemented with 5% sheep 
blood, and the inoculum recommended by the National 
Committee for Clinical Laboratory Standards (NCCLS) 
for the disk diffusion method.16 The plates were incub- 
ated at 35°C for 18-24 h under 5% COz. S. pneumoniae 
ATCC 49619 was used as the quality control strain. 
MICs that fell between any two doubling dilutions were 
rounded up to the next higher one, and the susceptibility 
categories were then assigned according to MIC 
(mg/mL) breakpoints, as in the NCCLS guidelines: 
penicillin-resistant (R) = 22.0, intermediate (I) = 0.12- 
1.0, susceptible (S) = 10.06; ceftriaxone-R = ~2.0, 
I = 1.0, s = 50.5.17 
DNA preparation 
Bacterial cells, grown overnight on blood agar plates in 
CO2 at 37”C, were scraped from the surface of the plates 
and washed by suspending in 1 mL of SB (10 mM Tris- 
HCl (pH 7.5), 1 M NaCl). The cell suspension was then 
centrifuged at 8000 rev/min at 4°C for 10 min, and the 
supernatant was discarded. The washing step was 
repeated twice, and cell density was adjusted to an 
optical density of 0.4 at 650 nm.18 The washed cells were 
then resuspended in an equal volume of SB and 1.5% 
low-melting agarose (Sea-Plaque; FMC Bioproducts, 
Rockland, ME, USA), before being transferred into a 
mold (Bio-Rad Laboratories, Hercules, CA, USA). The 
solidified agarose-cell plugs were incubated in 2 mL of 
lysis buffer (10 mM Tris-HCI, 100 mM NaCl, 0.5% 20 
cetyl ether, 0.2% deoxycholate, 0.5% sarkosyl), 5 mL of 
RNaseA (10 mg/mL), 20 mL of lysozyme (20 mg/mL) 
and 20 mL of lysostaphin (1 mg/mL) for 2 h at 37°C. The 
lysis buffer was discarded, 2 mL of PB (0.5 M EDTA 
(pH S.O), 1% sarkosyl) containing 20 mL of proteinase 
K (10 mg/mL) (Sigma Chemicals, St Louis, MO, USA) 
was added, and the solution was incubated for another 
16 h at 50°C. Subsequently, the plugs were thoroughly 
washed 2-hourly with TE buffer (1 M Tris (pH 8.0), 
0.5 M EDTA) at least three times at room temperature 
with gentle agitation. 
Restriction enzyme digestion and PFGE 
A slice of the plug (2 x 3 x 3 mm) was digested overnight 
with 10 U of SmaI (Promega, Madison, WI, USA) in 
100 mL of restriction buffer at 25°C. The digested chro- 
mosomal DNA was then separated by PFGE using the 
CHEF-DRII apparatus (Bio-Rad Laboratories) in 1.2% 
agarose gel, with pulse times ramped from 1 to 35 s over 
23 h at 200 V and a temperature of 14OC in 0.5xtris- 
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borate EDTA (TBE). After electrophoresis, the gels 
were stained with 0.5 mg/mL ethidium bromide, 
destained in distilled water, and photographed under 
UV transillumination. 
PCWRFLP of pbp 2b and pbp 2x 
Bacterial cells were grown overnight on blood agar at 
37°C in COz. A few single colonies were picked and 
placed in 50 mL of sterile dHz0 and heated to 95°C for 
5 min in a thermocycler (Mastercycler gradient, 
Eppendorf, Hamburg, Germany). A 5-mL aliquot was 
used in a 50-mL PCR reaction.19 The pbp 2b and pbp 2x 
genes were amplified as 1.5-kb and 2.0-kb fragments 
respectively, with primers as published by Gillespie et 
all9 The reaction mix consisted of 1.5 mM MgC12, 
1 x PCR buffer, 200 mM of each dNTP, 1 mM of each 
primer, upstream and downstream, and 1 U of Taq 
polymerase (Promega). The thermocycling protocol was 
95°C for 5 min, 94°C for 1 min, 55°C for 2 min and 72°C 
for 3 min for 30 cycles, and a final incubation at 72°C for 
7 min. The amplified DNA of both genes was directly 
subjected to RE digestion with Z+zfl (Promega).Twenty 
microliters of the PCR product was mixed with 5 mL of 
[multi]10 restriction buffer, 25 mL of dHz0 and 10 U of 
Hinfl, and incubated at 37°C for 2 h. The digested PCR 
product was separated on a 1.8% agarose gel, visualized 
by incorporating ethidium bromide into the gel, and 
photographed under UV transillumination. 
DNA pattern analysis 
DNA bands were visually analyzed, and each unique 
pattern was assigned an arbitrary letter/number. For the 
DNA patterns generated by PFGE, the interpretation of 
the relatedness was based on the guidelines recom- 
mended by Tenover et al, .20 the identical patterns were 
considered as related, those differing by l-3 DNA bands 
as closely related, and those differing by 4-6 DNA bands 
as possibly related. In this study, patterns with differ- 
ences of 56 DNA bands were given a letter followed by 
a subscript number 1 or 2 for the closely and possibly 
related respectively. A lower case letter was also 
assigned, following the number, if the closely or possibly 
related patterns were different from each other. Those 
with differences of >6 bands were considered unrelated 
and given a different letter. The PFGE gel was also 
scanned and analyzed using computer comparisons with 
the GelCompar (version 4) software (Applied Maths, 
Kortrijk, Belgium), in which a dendogram, showing the 
overall relatedness of the strains, was computed by the 
Dice method and by clustering by the unweighted pair 
group method with averages. 
RESULTS 
All the 100 clinical isolates of S. pneumoniae were from 
patients with suspected bacterial infections that were 
sporadic and presumably community-acquired. The iso- 
lates were derived from sputum (27%), nasopharyngeal 
secretion (NPS) (25%), blood (17%) tracheal secretion 
(12%) eye (6%) throat (4%), ear (3%), pleural fluid 
(3%),vagina (1%) and cerebrospinal fluid (CSF) (1%); 
there was also one of unknown source. Respiratory 
samples (sputum, NPS, tracheal, and throat) accounted 
for 68 strains, invasive samples (blood, CSF, and pleural 
fluid) for 21 strains, and other samples (ear, eye, and 
vagina) for 10 strains. The ages of patients from whom 
the isolates were obtained were as follows: ~13 years, 48 
strains; 2 13 years, 49 strains; ages not traceable, 3 strains. 
All of these isolates were tested for susceptibility. 
Based on the NCCLS breakpoints, 31 isolates showed 
decreased susceptibility to penicillin, with 20 isolates 
categorized as resistant (PRSP) and 11 isolates as 
intermediate (PISP). Many PRSPs also showed decreased 
susceptibility to ceftriaxone, with three (15%) and 13 
(65%) strains being resistant and intermediately resistant 
respectively; Of PISPs, only three (27%) strains were 
intermediately resistant, while the rest, as well as all the 
penicillin-susceptible strains (PSSPs) (69 strains), were 
susceptible. Most strains that were isolated from the same 
patients had similar categories of susceptibility for both 
penicillin and ceftriaxone, with MIC values differing by 
not more than a one-fold dilution. Among the strains with 
decreased susceptibility to penicillin and ceftriaxone, a 
slightly higher percentage was isolated from respiratory 
and other noninvasive samples than from the invasive 
ones (Table 1). A higher percentage was also isolated from 
Table 1. Distribution of .S. pneumoniae isolates with respect to the site of origin and susceptibility to penicillin and ceftriaxone 
Number (‘%)a of isolates 
Number of isolates 
n = 99 
Penicillin Ceftriaxone 
R I 5 R I 5 
n= lgb n= 71 n = 69 n=3 n = lSb n = 81 
Respiratory 68 13 (19.1) 9 (13.2) 46 (67.7) 1 (1.5) 12 (17.6) 55 (80.9) 
Invasive 21 4 (19.0) 0 17 (81.0) 0 3 (14.3) 18 (85.7) 
Others 10 2 (20.0) 2 (20.0) 6 (60.0) 2 (20.0) 0 8 (80.0) 
R, resistant; I, intermediate; S, susceptible. 
a Percentage was based on 99 strains, excluding one strait+ (R to penicillin and I to ceftriaxone) of unknown site of origin. 
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patients ~13 years old, as compared to those 2 13 years old 
(against penicillin, 22.9% of strains were resistant as 
compared to l&4%, and 12.5% of strains were inter- 
mediate as compared to 10.2%, respectively, while against 
ceftriaxone, 4.2% of strains were resistant as compared to 
2.0%, and 18.7% of strains were intermediate as 
compared to 14.3%, respectively). However, it is difficult 
to comment on the significance of these figures, since the 
sample representatives of the site of origin and the 
population size were small, and the data were based only 
on the percentages, without any statistical analysis. 
Fifty strains were serotyped and analyzed further 
with molecular techniques. Thirty-four of the 50 strains 
were obtained from respiratory sites, nine were from 
invasive sites, and seven were from other sites. Forty- 
eight per cent of these strains came from patients 
~13 years old, while 52% of these strains were isolated 
from patients B 13 years old. 
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Figure 1. Dendogram of Smal digestion electrophoretic profiles of 5. pneumoniae isolates. On the right side are the strains 
(represented by numbers), SGTs, PFGE profiles as analyzed visually, pbp Zb and pbp 2x gene patterns, and MlCs for penicillin and 
ceftriaxone, as well as their category of susceptibility. Each pair of strains, 15 and 17, 88 and 98, and 95 and 97, was isolated from 
three individuals. 
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Forty-five of the 50 strains tested were successfully 
serotyped. Twelve different SGTs were identified, with 
serotype 19F being the commonest, accounting for 18 
strains, which were mainly PRSPs, followed by 6A, 1,7F, 
14, 1X, 23A, 15A, 23F, and 23B, accounting for l-4 
strains each. Owing to the limited factor sera, SGTs for 
one and two strains were determined as only 7B/C and 
16/36/37 respectively, and five strains could not be typed 
because of autoagglutination of the strains in the PBS 
suspension. 
Visual inspection of the SmaI-digested chromo- 
somal DNAs of the 50 isolates showed a total of 23 
distinct PFGE profiles, designated A-W. The dendogram 
produced by computer analysis also segregated the 50 
isolates into clusters that corresponded to their 
respective PFGE profiles (Figure 1). Profiles A (Figure 
2a) and B (Figure 2b) were the most dominant (eight 
strains with two related and six possibly related, and 15 
strains with four related, three closely related and eight 
possibly related, respectively), and consisted mainly of 
PRSPs belonging to serotype 19F. Other profiles, 
consisting of one or two strains each, were mainly 
associated with PSSPs of various serotypes. Exceptions 
were noted in profiles K, R, S, V, and W, which were 
represented by either PRSP or PISP Strains that were 
isolated from the same patient but from different body 
sites (only three pairs of strains from three individuals 
(a) kb M 1 2 3 4 5 6 
were included among the 50 strains tested) showed 
similar DNA patterns and grouped into the same PFGE 
profiles accordingly. 
The genetic relationship analyzed by PFGE was 
further reassessed by RFLP analysis of the pbp genes. 
Generally, it was apparent that strains with decreased 
susceptibility to penicillin had a number of different 
RFLP patterns for pbp 2b (pattern bl-b4) and pbp 2x 
(pattern x1-x4), whereas PSSPs mostly had uniform 
patterns (pattern b5 and pattern x6, respectively) 
(Figure 3). However, when analyzing the pbp gene 
patterns with respect to the PFGE profiles, a common 
pattern was observed within the respective dominant 
PFGE profiles A and B, although the majority of the 
isolates in these PFGE profiles were PRSPs or PISPs 
(Figure 1); 87.5% of strains of profile A had pattern b2 
for pbp 2b and pattern x2 for pbp 2x, whereas 73.3% of 
strains of profile B had pattern bl and pattern xl 
respectively. In isolates with other PFGE profiles, 
pattern b5 forpbp 2b and pattern x6 forpbp 2x were the 
most common RFLP patterns, particularly among the 
PSSPs. However, some PRSPs or PISPs with minor 
PFGE profiles had the pbp patterns commonly found 
in the dominant PFGE profiles A and B in either one 
or both of the pbp genes, whereas others had pbp 
patterns that were either unique or similar to that of 
the PSSPs. 
(b) kb Ml2 3 456 7 8 9 
388.0 b 
339.5 b 
242.5 b 
291.0 b 
194.0 b 
48.5 b 
Figure 2. (a) PFGE of representative Smal-digested chromosomal DNA of 5. pneumoniae isolates of profile A consisting of 15 or 16 
DNA bands with sizes ranging from 40 to 400 kb: M, lambda DNA concatemer standard marker; lane 1, strains 15 and 17; lane 2, 
strain 18; lane 3, strain 92; lane 4, strain 85; lane 5, strains 46 and 48; lane 6, strain 77. (b) PFGE of representative Smal-digested 
chromosomal DNA of 5. pneumoniae isolates of profile B consisting of 15 or 16 DNA bands with sizes ranging from 40 to 400 kb: M, 
lambda DNA concatemer standard marker; lane 1, strain 79; lane 2, strain 24; lane 3, strain 71; lane 4, strains 28, 29, 55 and 72; lane 
5, strain 94; lane 6, strains 27, 32 and 53; lane 7, strains 88 and 98; lane 8, strain 14; lane 9, strain 81. 
(4 
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Figure 3. (a) RFLP of representative k/in&digested pbp 2b genes of 5. pneumoniae isolates consisting of 3-5 DNA bands with sizes 
ranging from 50 to 700 bp: M, IOO-bp ladder; lanes l-5, profiles l-5 respectively. (b) RFLP of representative Hi&l-digested pbp 2x 
genes of 5. pneumoniae isolates consisting of 3-6 DNA bands with sizes ranging from 50 to 700 bp: M, IOO-bp ladder; lanes 1-6, 
profiles l-6 respectively. 
DISCUSSION 
S. pneumoniae is commonly associated with respiratory 
infections in both children and adults. Globally, it is 
among the leading causes of community-acquired 
pneumonia, otitis media, meningitis, and bacteremia, 
resulting in morbidity and mortality in young children, 
persons with underlying chronic systemic conditions, the 
elderly, and patients in whom diagnosis and antibacterial 
therapy is delayed.21-23 
The emergence of penicillin resistance among S. 
pneumoniae strains has become an important worldwide 
problem.15”Q4 In this study, 31% (20% were resistant and 
11% were intermediate) of the 100 clinical isolates of 
pneumococci had decreased susceptibility to penicillin. 
This figure is higher than that reported by the Asian 
Network for Surveillance of Resistant Pathogens Study 
(ANSORP), which reported the prevalence of PRSP in 
Malaysia as only 9%. 25 The higher rate observed in this 
study might be partly due to the catchment area of this 
medical center, which is located in the middle of the 
densely populated metropolitan city of Kuala Lumpur. 
Under these circumstances, the spread of PRSPs might 
have taken place more rapidly and frequently than 
elsewhere. However, despite the overall low prevalence 
rate of PRSP in Malaysia, the rate had increased by about 
10% in a period of about 8 years since 1988.26 
It has been reported that PRSPs usually emerge 
within certain serotypes and are frequently multi- 
resistant.1%27-29 In the 50 strains that were analyzed in 
this study, many PRSPs as well as some PISPs were of 
serotype 19F, and had varying susceptibility to 
ceftriaxone. This finding is consistent with other studies, 
where serotype 19F was seen to be frequently associated 
with PRSPs,16 while cross-resistance is consistent with 
the principal mechanism of penicillin resistance in S. 
pneumoniae, in which the alterations in penicillin- 
binding proteins (PBPs) greatly decrease the affinity for 
almost all [beta]-lactam antibiotics, including the third- 
generation cephalosporin, ceftriaxone.28,30 
Considering that penicillin resistance usually 
parallels resistance to other antibiotics1 selecting the 
proper antibiotic therapy is of utmost importance. The 
choice of antimicrobial agents for treatment is usually 
influenced by the MIC. However, the relevance of the 
NCCLS MIC breakpoint for penicillin susceptibility in 
non-meningitic infections is debatab1e.r There is 
evidence that treatment with adequate doses of peni- 
cillin G might still be effective in treating pneumococci 
with decreased susceptibility to penicillin in pneumonia, 
but not in otitis media and meningitis.31 With respect to 
this, the Drug-Resistant S. pneumoniae Therapeutic 
Working Group (DRSPTWG) proposed that the 
susceptibility breakpoints for penicillin against pneumo- 
cocci in pneumonia be raised (resistant = 24.0 mg/mL, 
intermediate = 2.0 mg/mL, susceptible = 51.0 mg/mL), 
so that penicillin susceptibility was more appropriately 
reported in this infection. With use of these criteria, the 
respiratory isolates in this study showed a decrease in 
the percentage of strains with decreased susceptibility to 
penicillin to 19.1% (7.3% were resistant and 11.8% were 
intermediate) as compared to 32.3% when interpreted 
by the NCCLS criteria. This lower rate might be more 
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appropriate in correlating the clinical response of 
pneumococcal pneumonia to penicillin therapy, enabling 
clinicians to use a narrower-spectrum antibiotic, instead 
of a broad-spectrum one that might not be necessary. 
PFGE profiling of the 50 pneumococcal isolates 
showed that the majority of those with decreased 
susceptibility to penicillin had more homogeneous DNA 
patterns and clustered in only two dominant PFGE 
profiles, A and B, as compared to those of PSSPs, which 
were diverse. The relatedness of these strains with 
decreased susceptibility to penicillin as established by 
the PFGE analysis was further validated by the 
demonstration that they had similar serotype and pbp 
gene patterns within their respective PFGE profiles. 
Many of the isolates in these two profiles exhibited 
serotype 19F, thus supporting the close relatedness of 
the strains. Although the consistency of the pbp gene 
fingerprint supports the genetic relatedness of these 
strains, the fact is that these genes in PRSPs were very 
highly variable in sequence.iO Given this fact, identical 
RFLP patterns, which indicate the likely similarity of the 
gene sequences, strongly suggest the relatedness of the 
resistant isolates. Consistency of RFLP pattern was also 
observed among the majority of the PSSPs; the 
unaltered pbp gene sequence in these penicillin- 
susceptible isolates would result in a uniform RFLP 
pattern. Thus, although there were few strains in the 
dominant profile A and B manifesting different sero- 
types andpbp gene patterns in one or both of the genes, 
possibly due to multiple mutational events involving 
point mutations, capsular switches or horizontal gene 
transfers, the analyses did show that the majority of the 
pneumococcal isolates with decreased susceptibility to 
penicillin were genetically related, suggesting that they 
could have initially been derived from common origins 
and subsequently spread within the population. This is 
consistent with many other studies in which PRSPs have 
been shown to be genetically related and to have spread 
from limited sources.32-34 
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